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METHANE DRAINAGE STUDY USING AN UNDERGROUND 
PIPELINE, MARIANNA MINE 58 
L-  J. Prosser, Jr., 1 G. L. Finfinger,2 and J. Cervik 3 
ABSTRACT 
The Bureau of Mines has  completed a n  underground d e g a s i f i c a t i o n  p r o j e c t  
i n  which a n  underground p i p i n g  system was used t o  t r a n s p o r t  methane from t h e  
coa lbed  t o  t h e  s u r f a c e .  In  a  10-month per iod  f o u r  h o r i z o n t a l  h o l e s  were 
d r i l l e d  t o  a n  average  dep th  of 1 ,450 f e e t .  A l l  f o u r  h o l e s  were surveyed ver -  
t i c a l l y  and az imutha l ly .  In  991 days  of d e g a s i f i c a t i o n ,  255 MMcf of gas  was 
d r a i n e d  from t h e  coalbed.  The underground p i p i n g  system proved t o  be a  s a f e  
and e f f e c t i v e  means of t r a n s p o r t i n g  methane from t h e  coa lbed  t o  t h e  s u r f a c e .  
INTRODUCTION 
Methane i n  coa lbeds  c o n s t i t u t e s  a  s e r i o u s  hazard  when i t  i s  r e l e a s e d  i n t o  
t h e  mine atmosphere. To provide a  s a f e  working environment ,  t h e  c o n c e n t r a t i o n  
of  methane i n  mine a i r  must be main ta ined  a t  a  l e v e l  w e l l  below t h e  lower 
e x p l o s i v e  l i m i t .  T r a d i t i o n a l l y ,  v e n t i l a t i o n  a i r  has  been used t o  d i l u t e  meth- 
ane  t o  nonexplosive  l e v e l s .  However, i n c r e a s e d  p roduc t ion ,  due t o  modern min- 
i n g  t e c h n i q u e s ,  can  produce s i t u a t i o n s  i n  which methane emiss ion  r a t e s  exceed 
t h e  c a p a c i t y  of t h e  v e n t i l a t i o n  system. When t h i s  o c c u r s ,  mining must be 
h a l t e d  u n t i l  a  s a f e  methane l e v e l  i s  reached ;  such s i t u a t i o n s  i n c r e a s e  t h e  
h a z a r d s  from i g n i t i o n s  and e x p l o s i o n s  and a d v e r s e l y  a f f e c t  p roduc t ion  ( 7 ) . 4  - 
Drainage of methane i n  advance of mining i s  i n h e r e n t l y  a  s a f e  method f o r  
c o n t r o l l i n g  methane emiss ions  d u r i n g  mining and c o n t r i b u t e s  t o  e f f i c i e n t  u s e  
of  mining equipment. The Bureau of Mines has  demonstra ted t h a t  d ra inage  of 
methane through h o r i z o n t a l  h o l e s  d r i l l e d  from a  s h a f t  bottom i s  a  s u c c e s s f u l  
method of removing methane i n  advance of mining (5 ) .  Over a  3-year p e r i o d ,  
approx imate ly  802 MMcf of methane was removed f rom t h e  P i t t s b u r g h  coa lbed ,  and 
mine e n t r i e s  d r i v e n  i n t o  t h e  d e g a s i f i e d  zone exper ienced  a  70-pct r e d u c t i o n  i n  
' ~ e o l o ~ i s t ,  E a s t e r n  F i e l d  Opera t ions  C e n t e r ,  Bureau of Mines, P i t t s b u r g h ,  Pa. 
2 ~ u p e r v i s o r y  g e o l o g i s t ,  P i t t s b u r g h  Research C e n t e r ,  Bureau of Mines, P i t t s -  
burgh,  Pa. 
3 ~ u p e r v i s o r y  g e o p h y s i c i s t ,  P i t t s b u r g h  Research C e n t e r ,  Bureau of Mines, P i t t s -  
burgh,  Pa. 
4 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  r e f e r  t o  i t ems  i n  t h e  l i s t  of r e f e r e n c e s  a t  
t h e  end of t h i s  r e p o r t .  
methane emiss ions  d u r i n g  mining. Emissions began t o  d e c l i n e  when mine e n t r i e s  
were 3,500 f e e t  from t h e  s h a f t .  
D e g a s i f i c a t i o n  from mine workings r e q u i r e s  underground p i p e l i n e s  t o  
t r a n s p o r t  methane t o  t h e  s u r f a c e  where i t  can be s o l d  o r  u t i l i z e d  a t  t h e  mine 
s i t e .  Piping methane from underground l o c a t i o n s  t o  t h e  s u r f a c e  was f i r s t  
a t t empted  i n  Great  B r i t a i n  about  200 y e a r s  ago ( 1 ) .  Large-scale  o p e r a t i o n s  
were i n i t i a t e d  i n  t h e  1940 's  a t  many c o l l i e r i e s  i n  t h e  Ruhr, t h e  S a a r ,  Bel- 
gium, France,  and Great  B r i t a i n .  However, i n  t h e  United S t a t e s  no l a r g e - s c a l e  
o p e r a t i o n s  were under taken u n t i l  r e c e n t l y .  The f i r s t  methane d ra inage  and 
underground p i p e l i n e  i n t e g r a t e d  i n  t h e  p roduc t ion  c y c l e  i s  l o c a t e d  i n  Mid- 
Cont inen t  Coal and Coke C o a t s  Dutch Creek No. 1  Mine (10) .  This  i n s t a l l a t i o n  
i s  s i m i l a r  t o  European advancing longwal l  d r a i n a g e  systems where h o l e s  a r e  
d r i l l e d  i n t o  o v e r l y i n g  s t r a t a  and vacuum pumps draw methane from t h e  f r a c t u r e  
zone above t h e  mine coalbed ( 3 ) .  
The p r e s e n t  paper d e s c r i b e s  a  d e g a s i f i c a t i o n  p r o j e c t  conducted by t h e  
Bureau of Mines a t  Marianna Mine 58, Marianna, Pa. The p r o j e c t  u t i l i z e d  a n  
underground p i p e l i n e  f o r  t r a n s p o r t i n g  methane from t h e  mine t o  t h e  s u r f a c e .  
Gas emiss ions  were reduced, and a  methane-moni tor ing system provided a  con- 
t i n u o u s  check on t h e  i n t e g r i t y  of t h e  p i p e l i n e  system. 
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TEST SITE 
The d e g a s i f i c a t i o n  program a t  Bethlehem Mines C o r p m f s  Marianna Mine 58, 
Marianna, Pa., was conducted i n  a  s e c t i o n  which was advanced about  5,000 f e e t  
i n t o  v i r g i n  c o a l  ( P i t t s b u r g h  coa lbed)  ( f i g .  1 ) .  Four h o r i z o n t a l  h o l e s  were 
d r i l l e d  rang ing  i n  l e n g t h  from 982 t o  2,505 f e e t .  Two h o l e s  were d r i l l e d  on 
t h e  l e f t  s i d e  and two h o l e s  on t h e  r i g h t  s i d e  of t h e  s e c t i o n  ( f i g .  1 ) .  A 
f i f t h  h o l e  i n  t h e  middle of t h e  s e c t i o n  i s  200 f e e t  long and i s  used t o  moni- 
t o r  g a s  p r e s s u r e  i n  t h e  coalbed.  
A 6-inch-diameter s t e e l  p i p e l i n e  ( schedu le  40) t r a n s p o r t s  methane from 
underground l o c a t i o n s  t o  t h e  s u r f a c e  ( f i g .  2).  T o t a l  l e n g t h  of t h e  p i p e l i n e  
i s  1,150 f e e t ,  and p i p e  s e c t i o n s  a r e  jo ined  w i t h  compression coup l ings .  Crib- 
b ing  b locks  on 5-foot c e n t e r s  a r e  used t o  p r o t e c t  t h e  p i p e l i n e  from roof f a l l s  
a s  w e l l  a s  s u p p o r t i n g  t h e  p i p e l i n e  ( f i g .  3 ) .  
Gas f lowing through t h e  underground p i p e l i n e  c o n t a i n s  wa te r  vapor which 
condenses a s  i t  t r a v e l s  t o  t h e  s u r f a c e  through t h e  v e r t i c a l  borehole .  Conse- 
q u e n t l y ,  t h e  underground p i p e l i n e  i s  connected t o  t h e  v e r t i c a l  boreho le  
through a  gas-water s e p a r a t o r  which d r a i n s  wa te r  from t h e  system ( f i g .  4).  
Gas produced dur ing  and a f t e r  d r i l l i n g  i s  vented a t  t h e  s u r f a c e .  The p i p e l i n e  
i s  grounded, and t h e  s u r f a c e  v e n t i n g  f a c i l i t y  i s  equipped w i t h  a n  approved 








































































































































FIGURE 3. - Steel pipel ine and cribbing blocks. 
FIGURE 4 .  - Gas-water separator. 
FIGURE 5. - Surface venting facility. 
DRILLING EQUIPMENT AND PROCEDURES 
All holes were drilled with a hydraulically operated drill (fig. 6). The 
power unit for the drill was kept in a fresh air entry and was equipped with a 
40-hp, 440-v-ac motor and hydraulic pump. Feed length of the drill unit was 
30 inches. The drill string included a 3-5/8- or3-1/2-inch drag bit and two 
centralizers (3-7/16-inch OD) (fig. 7) separated by an 18-foot NQ drill 
collar which was 2-3/4 inches in OD and 1-7/8 inches in ID and weighed about 
200 pounds. The heavy drill collar stiffened the drilling assembly and added 
weight to the bottom side of the drag bit. 
The path of a bit in the vertical plane is controlled by a combination of 
bit sizes, bit thrust and rotational speed (rpm), and by location of central- 
izers on the drill collar (fig. 8). A drilling assembly with a 3-5/8-inch bit 
tends to wear the bottom side of the hole and arc downward more readily than 
an assembly with a 3-1/2-inch bit. Therefore, thrust levels must be higher to 
compensate for the tendency of the 3-5/8-inch bit to arc downward (4). - 
Previous Bureau experience in drilling the Pittsburgh coalbed in the 
Fairview, W. Va.,area had revealed marked differences in drilling characteris- 
tics of the upper and lower portions of the coalbed (4). The upper 3 to 
3.5 feet, which contains numerous streaks and bands oT pyrite, appears harder 
during drilling than the lower part of the coalbed, which is predominately 
free of impurities and consequently softer. This characteristic of the Pitts- 
burgh coalbed is also in evidence at Marianna Mine 58. Based on this charac- 
teristic and other horizontal drilling studies, a 3-112-inch bit was initially 
chosen for drilling at the Marianna Mine 58 site. 
Marianna Mine 58 is located about 30 miles north of the Fairview, W. Va., 
area, where overburden thickness is about 800 feet compared with 500 feet at 
the Marianna Mine. Comparison of tables 1 and 2 shows that bit penetration 
rates are greater at the Marianna Mine drill site, with a lower rotational 
speed (rpm) of the bit at comparable levels of thrust. The lower bit penetra- 
tion rates in Fairview, W. Va., area may be due to greater overburden pressure 
on the coalbed. 
TABLE 1. - Penetration rates with 3-1/2-inch bit, 
Fairview. W. Va.. area 
TABLE 2. - Penetration rates with 3-1/2-inch bit, 





























FIGURE 6 .  - Hydraulic drill. 
FIGURE 7. - Centralizer. 
Not to scale 10-in centralizer, 
7 3%-in OD, 
10-in centralizer, 
Drill casing \ 18-ft drill collar' 5 '  3 ~ i n  bit 
FIGURE 8. - D r i l l i n g  assembly with two centralizers separated by 18-foot N Q  dri l l  collar. 
The p e n e t r a t i o n  r a t e  of a  d r i l l i n g  assembly ( f i g .  8 )  w i t h  a  3-518-inch 
b i t  i s  g r e a t e r  t h a n  t h a t  of a n  assembly w i t h  a  3-112-inch b i t  (4 ) .  Because of 
t h e  s o f t  n a t u r e  of t h e  lower p o r t i o n  of t h e  coa lbed  a t  Marianna-Mine 58, t h e  
d r i l l i n g  assembly w i t h  a  3-5/8-inch b i t  a r c e d  i n t o  t h e  f l o o r  r e p e a t e d l y  and 
cou ld  n o t  be c o n t r o l l e d  w i t h  combinat ions  of b i t  t h r u s t  and r o t a t i o n a l  speed.  
T h e r e f o r e ,  t h e  r e a r  c e n t r a l i z e r  was removed, cock ing  t h e  18-foot d r i l l  c o l l a r ,  
f r o n t  c e n t r a l i z e r ,  and b i t  about  0.1" upward i n  t h e  h o l e  ( f i g ,  9 ) .  No prob- 
lems were encoun te red  i n  c o n t r o l l i n g  t h i s  modi f i ed  d r i l l i n g  assembly a t  t h e  
Marianna Mine 58 s i t e .  A l l  h o l e s  excep t  h o l e  1  were d r i l l e d  w i t h  t h e  modi f i ed  
d r i l l i n g  assembly.  Table  3  summarizes t h e  e f f e c t  of b i t  t h r u s t  and r o t a t i o n a l  
speed on b i t  t r a j e c t o r y  and p e n e t r a t i o n  r a t e s .  Comparison of t a b l e s  1 ,  2, and 
3  shows t h a t  p e n e t r a t i o n  r a t e s  of t h e  modi f i ed  d r i l l i n g  assembly a r e  g r e a t e r  
by a  f a c t o r  of abou t  two. 
TABLE 3, - P e n e t r a t i o n  r a t e s  w i t h  3-518-inch b i t  and 
modi f i ed  d r i l l i n g  assembly 
Table  4  i s  a n  a n a l y s i s  of t h e  t ime s p e n t  complet ing h o l e s  1 ,  2, and 4. 
Between 53 and 74 p c t  of each s h i f t  was l o s t  t ime,  which i n c l u d e d  p o r t a l  t o  
p o r t a l ,  wa te r  supp ly  and e l e c t r i c a l  problems, equipment f a i l u r e s ,  e t c .  Of t h e  
T h r u s t ,  
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18-ft dril l collar 
Drill casing, 
5 /33  -in bit  
E f f e c t  on 
b i t  t r a j e c t o r y  
Downward......,.... 
Held angle . .  ....... 
Upward............. 
Sharp ly  upward..,.. 
FIGURE 9. - Drilling assembly with rear centralizer removed. 






average  t ime a v a i l a b l e  t o  each s h i f t  f o r  d r i l l i n g  and s u r v e y i n g ,  d r i l l i n g  occu- 
p i e d  67 t o  80 pc t  and survey ing  20 t o  33 pc t .  
TABLE 4. - Time s t u d y  
wate r  problems, e l e c t r i c a l  problems, 
d r i l l  ma l func t ions ,  s e n s o r  
malfunct ions) . . . . .  .................. min.. 
Number of work shifts . . . . . . . . . . . . . . . . . . . . .  
Work shift...........................min.. 
Time l o s t  pe r  s h i f t  ( p o r t a l  t o  p o r t a l ,  
Average t ime f o r  d r i l l i n g  and survey ing  
p e r  shift...........................nin.. 
Average d r i l l i n g  t ime per  shiEt.. . . . .min.. 
Average survey ing  t ime per  shi f t . . . . .min. .  
T o t a l  depth............. .............. ft.
I n i t i a l  b e a r i n g  of collar................. 
Hole 1  
60 
480 
Hole 2 Hole 3 YqTif- Hole 4  
V e r t i c a l  i n c l i n a t i o n  of coalbed (above o r  I I I I 
below h o r i z o n t a l ) .  ................. .deg.. 1 +0.5 1 -0.5 1 +0.5 1 +0.5 
' N O  t ime s tudy  d a t a  a v a i l a b l e  owing t o  t e s t i n g  of exper imenta l  su rvey  
ins t rument .  
HOLE SURVEYING 
V e r t i c a l  i n c l i n a t i o n  of t h e  h o l e  d u r i n g  d r i l l i n g  was ob ta ined  w i t h  a  
Sperry-Sun,5 s i n g l e - s h o t  survey ins t rument  ( f i g .  10) .  The e s s e n t i a l  e lements  
( f i g *  10C) of t h e  s i n g l e - s h o t  su rvey ing  i n s t r u m e n t  a r e  t h e  i n c l i n a t i o n  u n i t ,  
which is-in t h e  form of a n  i n v e r t e d  plumb bob, b a t t e r i e s  t o  f u r n i s h  e l e c t r i c a l  
power, and a t imer  which c o n t r o l s  t h e  e l e c t r i c a l  c i r c u i t s  and i l l u m i n a t e s  t h e  
a n g l e  u n i t  a t  a  p r e s e t  time t o  r e c o r d  t h e  i n c l i n a t i o n  of t h e  b i t  on a  f i l m  
d i s k .  
S p e c i a l  load ing  and deve lop ing  t a n k s  permit  h a n d l i n g  of t h e  exposed f i l m  
d i s k  i n  d a y l i g h t  o r  wi thou t  t u r n i n g  o f f  cap lamps underground. When t h e  
i n c l i n a t i o n  of t h e  h o l e  i s  t o  be determined,  t h e  su rvey ing  ins t rument  i s  
p laced  i n  i t s  p r o t e c t i v e  c a s i n g  which i s  then  i n s e r t e d  i n t o  t h e  d r i l l  rod and 
pumped u s i n g  wate r  t o  t h e  end of t h e  ho le .  A t  t h e  p r e s e t  t ime,  t h e  f i l m  d i s k  
i s  exposed,  a f t e r  which t h e  ins t rument  i s  r e t r i e v e d  by a  w i r e  l i n e  a t t a c h e d  t o  
t h e  p r o t e c t i v e  cas ing .  The f i l m  d i s k  i s  removed, developed,  and read ( 4 ) .  - 
The Bureau's  exper ience  i n  h o r i z o n t a l  d r i l l i n g  i n d i c a t e s  t h a t  a  h o l e  
should be surveyed f o r  v e r t i c a l  i n c l i n a t i o n  a t  l e a s t  every 20 f e e t  t o  i n s u r e  
t h a t  p r o j e c t e d  h o l e  t r a j e c t o r y  i s  main ta ined .  I f  t h e  h o l e  beg ins  t o  d e v i a t e ,  
t h e n  a p p r o p r i a t e  d r i l l i n g  paramete rs ,  such a s  b i t  t h r u s t  and r o t a t i o n a l  speed,  
must be v a r i e d  t o  c o r r e c t  h o l e  d e v i a t i o n  i n  t h e  v e r t i c a l  p lane.  Experience 
shows t h a t  a l though  survey ing  i s  time consuming ( t a b l e  5 ) ,  ma in ta in ing  t h e  
v e r t i c a l  a n g l e  of i n c l i n a t i o n  of t h e  h o l e  w i t h i n  l o  of t h e  p r o j e c t e d  t r a j e c t o r y  
5 ~ e f e r e n c e  t o  s p e c i f i c  equipment does no t  imply endorsement by t h e  Bureau of 
Mines. 
- 
Scale, f t  
FIGURE 10. - Survey system. A, Survey instrument; K ,  protective case; C, survey instru- 
ment components. 
w i l l  prevent  c o s t l y  time de lays  due t o  l o s s  of c o n t r o l  of ho l e  t r a j e c t o r y  and 
subsequent d r i l l i n g  i n  roof o r  f l o o r  s t r a t a .  Table 5 shows t h a t  t he  average 
time per  survey is about 16  minutes a t  ho le  depths  of 1,000 f e e t .  When ho le  
depth i s  about 2,000 f e e t ,  t he  average time per survey doubles and surveying 
occupies  over 50 pct  of t he  time a v a i l a b l e  f o r  d r i l l i n g  and surveying per  
s h i f t .  
TABLE 5. - Hole dep th  ve r su s  survey  
t ime (ho l e  2) 
Hole dep th ,  f t  Average t ime 
survey ,  min 
The t r a j e c t o r y  of a  h o r i z o n t a l  ho l e  i n  t h e  azimuth plane cannot  be d e t e r -  
mined by p r o j e c t i n g  a  l i n e  based on t h e  bea r i ng  of t h e  ho l e  a t  o r  near  t h e  
c o l l a r .  The ho l e  must be surveyed t o  determine i t s  l o c a t i o n  i n  t h e  azimuth 
plane.  Experience shows t h a t  a  ho l e  may t u r n  e i t h e r  t o  t h e  r i g h t  o r  t o  t h e  
l e f t ,  c o n t r a r y  t o  t h e  popular  b e l i e f  t h a t  a  ho l e  w i l l  t u r n  t o  t h e  r i g h t  
because of t h e  c lockwise  r o t a t i o n  of t h e  b i t  du r ing  d r i l l i n g .  In  some c a s e s ,  
a  h o l e  may t u r n  t o  t h e  l e f t  and t hen  d e f l e c t  t o  t h e  r i g h t .  
METHANE CONTROL D U R I N G  DRILLING 
Gas f low du r ing  d r i l l i n g  was c o n t r o l l e d  w i th  a  Bureau-designed s t u f f i n g  
box which s epa ra t ed  gas  from wate r  and d r i l l  c u t t i n g s .  The s t u f f i n g  box was 
a t t a c h e d  t o  a  4-inch-diameter pipe f i t t e d  w i t h  a  4-inch va lve  s o  t h e  h o l e  
could be shu t - in  i f  necessa ry  ( f i g .  11).  The 4-inch-diameter p ipe  was 21 f e e t  
long  and grou ted  i n  place .  Gas was duc ted  from t h e  s t u f f i n g  box t o  t h e  6-inch- 
d iamete r  p i p e l i n e  and t hen  t o  t h e  s u r f a c e  through t h e  8-inch-diameter v e r t i c a l  
borehole .  The v e r t i c a l  f low through t h e  8-inch-diameter borehole  c r e a t e d  a  
n a t u r a l  d r a f t  which mainta ined a  nega t i ve  p r e s s u r e  i n  t h e  ven t  tub ing  and 
prevented methane leakage from t h e  s t u f f i n g  box i n t o  t h e  mine en t ry .  The neg- 
a t i v e  p r e s su re  (-0.5 i nch  wate r  gage) i n  t h e  ven t  t ub ing  was monitored w i t h  
a  p r e s su re  gage ( f i g .  12). Because of t h e  nega t i ve  p r e s s u r e  i n  t h e  vent  tub- 
i n g ,  some a i r  i s  drawn i n t o  t h e  s t u f f i n g  box through sma l l  openings where t h e  
d r i l l  rod e n t e r s  t h e  s t u f f i n g  box. The methane c o n c e n t r a t i o n  i n  t h e  ven t  tub- 
i n g  was monitored con t inuous ly  and v a r i e d  between 80 and 100 pc t  du r ing  t h e  

















































PIPELINE SAFETY CONTROLS 
Methane s e n s o r s  a r e  i n s t a l l e d  every  500 f e e t  i n  t h e  e n t r i e s  c o n t a i n i n g  
t h e  p i p e l i n e .  The power supply f o r  t h e  s e n s o r  system o p e r a t e s  on 110 v  a c  and 
i s  l o c a t e d  i n  a  f r e s h  a i r  e n t r y  ( f i g .  13) .  The s e n s o r s  a r e  i n t r i n s i c a l l y  s a f e  
and approved f o r  use  i n  c o a l  mines. 
A 314-inch p o l y v i n y l  c h l o r i d e  (PVC) p l a s t i c  p i p e  i s  s t r a p p e d  t o  t h e  t o p  
of  t h e  p i p e l i n e  a l o n g  i t s  e n t i r e  l e n g t h  ( f i g .  14).  Th i s  p l a s t i c  p i p e  i s  con- 
n e c t e d  t o  t h e  pneumatic v a l v e s  which a r e  i n s t a l l e d  on each h o l e  a f t e r  d r i l l i n g  
h a s  been completed ( f i g .  15) .  The v a l v e s  a r e  spr ing- loaded and h e l d  open by 
a i r  p r e s s u r e  (55  p s i g )  s u p p l i e d  by a  s m a l l  nonpermiss ib le  a i r  compressor r a t e d  
a t  1.05 cfm, 80 ps ig .  Th i s  u n i t  i s  l o c a t e d  i n  a  f r e s h  a i r  e n t r y  near  t h e  con- 
t r o l  p a n e l  and i s  wired t o  t h e  methane s e n s o r  c o n t r o l  panel .  
The methane s e n s o r s  c o n t r o l  t h e  pneumatic v a l v e s  on each h o r i z o n t a l  h o l e  
and w i l l  c l o s e  them a u t o m a t i c a l l y  i f  a  s e n s o r  c e a s e s  t o  f u n c t i o n ,  i f  t h e  e l e c -  
t r i c a l  l i n e  t o  a  s e n s o r  i s  broken, o r  i f  t h e  methane c o n c e n t r a t i o n  i n  t h e  
p i p e l i n e  e n t r y  exceeds 1  pc t .  I f  any of t h e s e  c o n d i t i o n s  e x i s t ,  a  r e l a y  i n  
t h e  c o n t r o l  pane l  powers a  s o l e n o i d  which v e n t s  t h e  compressed a i r  i n  t h e  PVC 
l i n e .  Power t o  t h e  compressor i s  a u t o m a t i c a l l y  c u t  o f f  when a i r  p r e s s u r e  i n  
t h e  p l a s t i c  l i n e  d rops  below 50 ps ig .  The PVC p i p e  i s  b r i t t l e  and s h a t t e r s  on 
impact.  A roof f a l l  t h a t  s e v e r s  t h e  main p i p e l i n e  w i l l  a l s o  s h a t t e r  t h e  PVC 
pipe.  When t h i s  occurs  t h e  pneumatic v a l v e s  w i l l  c l o s e  a s  a i r  p r e s s u r e  i n  t h e  
l i n e  d e c r e a s e s .  
DISCUSSION OF FLOWS 
Gas Flows During D r i l l i n g  
Gas f lows were moni tored dur ing  d r i l l i n g  of each ho le .  These f lows were 
determined from v e l o c i t y  measurements t aken  w i t h  a n  anemometer i n s i d e  t h e  duc t -  
i n g  which connected t h e  gas-water and d r i l l  c u t t i n g  s e p a r a t o r  t o  t h e  under- 
ground p i p e l i n e .  The measured v e l o c i t y  was c o r r e c t e d  f o r  d u c t i n g  d i a m e t e r ,  
and methane f lows were moni tored throughout  t h e  d r i l l i n g  phase. The c o r r e c -  
t i o n  f o r  d u c t i n g  d iamete r  was determined i n  t h e  l a b o r a t o r y .  
The P i t t s b u r g h  coalbed i n  t h e  a r e a  of Marianna Mine 58 c o n t a i n s  a  sand- 
s t o n e  channe l  and c l a y  v e i n s  ( 8 )  which can form c e l l s  t h a t  l i m i t  t h e  d r a i n a g e  
a r e a  of a  h o r i z o n t a l  hole .  clgY v e i n s  a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  f r a c t u r e d  
roof s t r a t a  and produce abnormal methane f lows when p e n e t r a t e d  by mining o r  a  
h o r i z o n t a l  ho le .  
The d r i l l  s i t e  a t  Marianna Mine 58 i s  i n  a  s e c t i o n  where mining was aban- 
doned because of s e v e r e  gas  problems. When t h e  s t u d y  began, t h e  s e c t i o n  had 
been i d l e  f o r  about  2-1/2 years .  Consequently,  gas  f lows from h o l e s  could  be 
expec ted  t o  be much lower t h a n  f lows from h o l e s  d r i l l e d  i n  a n  a c t i v e  s e c t i o n .  
Hole 3  was d r i l l e d  t o  1,238 f e e t  a t  a  f a i r l y  c o n s t a n t  r a t e ,  and gas  f lows 
d u r i n g  d r i l l i n g  i n c r e a s e d  l i n e a r l y  a t  a  r a t e  of 89 c f d l f t  of h o l e  d r i l l e d  



























FIGURE 14. - PVC plast ic pipe and pipe!ine. 
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FIGURE 15. - Location of pneumatic shutoff valve in methane drainage pipeline system. 

and t h e n  t h e  r a t e  d e c l i n e d  t o  about  35 c f d / f t  between 420 and 740 f e e t  
( f i g .  17). Between 740 and 840 f e e t  g a s  f low r o s e  from 47,000 t o  80,000 c f d .  
Th is  s h a r p  i n c r e a s e  i n  f low (330 c f d / f t )  r e s u l t e d  from i n t e r c e p t i o n  of a t h i n  
c l a y  v e i n .  The lower gas  f low r a t e  between 420 and 740 f e e t  was probably  due 
t o  a  c l a y  v e i n  which s h i e l d e d  t h e  h o l e  and p reven ted  f r e e  m i g r a t i o n  of g a s  t o  
t h e  h o l e .  Hole 4  f i r s t  h i t  rock a t  840 f e e t .  Attempts were made t o  d r i l l  
th rough  t h e  rock a t  two o t h e r  l e v e l s  i n  t h e  coalbed.  However, bo th  probe h o l e s  
i n t e r c e p t e d  rock and were t e rmina ted  a t  910 and 982 f e e t  ( f i g .  18) .  Hole 1 
h i t  rock a t  950 f e e t ;  d r i l l i n g  was con t inued  f o r  a n  a d d i t i o n a l  118 f e e t  i n  
rock b e f o r e  t h e  h o l e  was abandoned. 
Both h o l e s  1  and 4  o r i g i n a l l y  t e r m i n a t e d  i n  rock w i t h i n  t h e  p r o j e c t e d  
coa lbed  h o r i z o n  ( f i g .  18).  Some t i m e  l a t e r ,  h o l e  1 w a s  extended over  782 f e e t  
and p e n e t r a t e d  through t h e  sands tone  rock.  When t h e  coa lbed  was p e n e t r a t e d  on 
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FIGURE 18. - Trajectories of holes 1 and 4. Dotted pattern indicates rock. 
t h e  f a r  s i d e  of  t h e  s a n d s t o n e ,  g a s  f l o w  from t h e  h o l e  i n c r e a s e d  by 50,000 c f d .  
Based on t h i s  d r i l l i n g  and i n f o r m a t i o n  from c o r e  h o l e  l o g s ,  t h e  d i s c o n t i n u i t y  
was assumed t o  be  a  s a n d s t o n e  channe l .  
Hole 1  was n o t  d r i l l e d  a t  a  c o n s t a n t  r a t e ;  c o n s e q u e n t l y ,  t h e  f low d a t a  
a r e  d i f f i c u l t  t o  i n t e r p r e t .  The g a s  f l o w  r a t e s  d u r i n g  d r i l l i n g  of h o l e  2  were 
168 c f d l f t  t o  440 f e e t  and 41 c f d / f t  be tween 440 and 2 ,150 f e e t  ( f i g .  19 ) .  A t  
2 ,220 f e e t ,  g a s  f low i n c r e a s e d  t o  214,000 c f d  from 144,000 c f d  a t  2,150 f e e t ,  
i n d i c a t i n g  t h a t  a  c l a y  v e i n  had been  i n t e r c e p t e d .  D r i l l i n g  t e r m i n a t e d  i n  t h e  
f l o o r  a t  2,505 f e e t .  The lower  g a s  f l o w  r a t e  between 440 and 2 ,150 f e e t  was 
a g a i n  p robab ly  due t o  a  c l a y  v e i n  t h a t  s h i e l d e d  t h e  h o l e  and p r e v e n t e d  f r e e  
m i g r a t i o n  of g a s  t o  t h e  h o l e .  
The b e a r i n g s  of t h e  c l a y  v e i n  i n t e r c e p t e d  by h o l e s  2  and 4  were d e t e r -  
mined by o b s e r v i n g  i n t e r f e r e n c e  e f f e c t s  between h o l e s .  A l l  h o l e s  were s h u t - i n  
f o r  a b o u t  24 hours .  Gas p r e s s u r e  a t  t h e  p r e s s u r e - m o n i t o r i n g  h o l e  ( h o l e  A) 
i n c r e a s e d  from 8.4 t o  11.2 p s i g  ( f i g .  20) .  Then h o l e  1  was opened and g a s  
p r e s s u r e  a t  h o l e  A immedia te ly  began t o  d e c l i n e ,  i n d i c a t i n g  a n  i n t e r f e r e n c e  
e f f e c t .  I f  a c l a y  v e i n ,  which o b s t r u c t s  f low,  had been l o c a t e d  between h o l e s  
1 and A ,  no g a s  p r e s s u r e  change would have  been obse rved  a t  h o l e  A. Sub- 
s e q u e n t l y ,  h o l e  4  was opened and a  f u r t h e r  d e c r e a s e  i n  g a s  p r e s s u r e  was 
immedia te ly  obse rved  a t  h o l e  A ( f i g .  20).  T h i s  t e s t  i n d i c a t e d  t h a t  t h e r e  
p r o b a b l y  were no c l a y  v e i n s  t o  o b s t r u c t  f l o w  l a t e r a l l y  between h o l e s  1  and 4. 
The g a s  p r e s s u r e  b u i l d u p s  f o r  h o l e s  1 and 2  a r e  shown i n  f i g u r e  21. 
A f t e r  a b o u t  23 h o u r s ,  s h u t - i n  g a s  p r e s s u r e  a t  h o l e s  1 and 2  were 6.4 and 
7.7 p s i g ,  r e s p e c t i v e l y .  When h o l e  1 was opened,  no change i n  g a s  p r e s s u r e  
was obse rved  a t  h o l e  2. The h o l e s  a r e  12  f e e t  a p a r t  a t  t h e  c o l l a r s .  T h i s  
i n d i c a t e s  t h e  c l a y  v e i n  i n t e r c e p t e d  by h o l e  2  a t  2 ,220 f e e t  i s  p robab ly  
l o c a t e d  between h o l e s  1  and 2  ( f i g .  22) .  S i m i l a r l y ,  t h e  g a s  p r e s s u r e  b u i l d -  
ups  f o r  h o l e s  3  and 4  were 4.7 and 4.4 p s i g ,  r e s p e c t i v e l y .  When h o l e  4  was 
opened,  no p r e s s u r e  change o c c u r r e d  a t  h o l e  3. The h o l e s  a r e  37 f e e t  a p a r t  
a t  t h e  c o l l a r s .  Th i s  i n d i c a t e s  t h a t  t h e  c l a y  v e i n  i n t e r c e p t e d  by h o l e  4  a t  
740 f e e t  i s  p robab ly  l o c a t e d  between h o l e s  3  and 4  ( f i g .  22).  
Two c l a y  v e i n s  were mapped i n  t h e  s e c t i o n  n e a r  t h e  d r i l l  s i t e  ( f i g .  22).  
A t h i c k  c l a y  v e i n  (2-112 t o  3 f e e t )  c r o s s e s  t h e  s e c t i o n  a b o u t  1 ,000 f e e t  o u t b y  
t h e  f a c e  a r e a ,  and a t h i n  v e i n  ( 1  t o  2  i n c h e s )  c r o s s e s  t h e  r i g h t  s i d e  and t e r -  
m i n a t e s  n e a r  t h e  middle  of t h e  s e c t i o n  a b o u t  500 f e e t  ou tby  t h e  f a c e  ( f i g .  22) .  
Shu t - in  g a s  p r e s s u r e s  o f  h o r i z o n t a l  h o l e s  g e n e r a l l y  d e c r e a s e  because  of 
t h e  l a r g e  q u a n t i t i e s  of methane d r a i n e d  from t h e  c o a l b e d .  I n i t i a l  s h u t - i n  
g a s  p r e s s u r e  of h o l e s  1 and 2  measured a f t e r  t h e  c o m p l e t i o n  o f  d r i l l i n g  were  
11  and 13.1 p s i g ,  r e s p e c t i v e l y  ( f i g .  23).  A f t e r  660 d a y s  of d e g a s i f i c a t i o n  
t h e  s h u t - i n  g a s  p r e s s u r e  d e c l i n e d  t o  6.4 and 7.7 p s i g ,  r e s p e c t i v e l y  ( f i g .  2 1 ) ,  
o r  a b o u t  40 p c t  f o r  b o t h  h o l e s .  
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FIGURE 21. - Gas pressure buildup-holes 1 and 2. 
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FIGURE 22. - Sandstone channel and c lay veins. 
FIGURE 23. - In i t ia l  shut-in gas pressures-holes 1 and 2. 
Gas and Water Flows A f t e r  D r i l l i n g  
A f t e r  d r i l l i n g  i s  completed,  t h e  h o l e  i s  connected t o  t h e  6-inch-diameter 
underground p i p e l i n e .  The f o l l o w i n g  equipment i s  i n s t a l l e d  between t h e  c o l l a r  
of  t h e  h o l e  and p i p e l i n e  ( f i g .  15) :  4-inch-diameter manual v a l v e ,  pneumatic 
v a l v e ,  gas-water s e p a r a t o r ,  v e n t u r i  mete r ,  2-inch d iamete r  s t e e l  p i p e ,  and 
2-inch-diameter manual valve .  
The pneumatic va lve ,  which i s  c o n t r o l l e d  by t h e  methane s e n s o r  sys tem,  
was d i s c u s s e d  p rev ious ly .  Genera l ly ,  h o l e s  d r i l l e d  i n t o  coa lbeds  produce 
w a t e r  and methane, which a r e  s e p a r a t e d  a t  t h e  gas-water s e p a r a t o r .  Water 
l e v e l  i n  t h e  s e p a r a t o r  i s  c o n t r o l l e d  by a  f l o a t  v a l v e  on t h e  o u t s i d e  of t h e  
tank.  The v e n t u r i  i s  used t o  moni tor  methane f lows by measuring a  gas  p res -  
s u r e  d i f f e r e n t i a l  a c r o s s  t h e  v e n t u r i .  F i n a l l y ,  t h e  h o l e  i s  connected t o  t h e  
main p i p e l i n e  w i t h  2-inch-diameter s t e e l  p ipe .  Manual v a l v e s  a r e  l o c a t e d  a t  
t h e  c o l l a r  and main p i p e l i n e  f o r  s a f e t y .  These v a l v e s  i s o l a t e  t h e  equipment 
between t h e  c o l l a r  and main p i p e l i n e  f o r  c l e a n i n g ,  r e p a i r ,  o r  replacement.  
I n i t i a l  gas  f low from h o r i z o n t a l  h o l e s  i n  o t h e r  areas of t h e  P i t t s b u r g h  
coa lbed  i s  about 250 c f d / f t  of h o l e  l e n g t h  ( 2 ) .  The i n i t i a l  gas  f lows from 
h o l e s  1  through 4  a t  Marianna Mine 58 were much l e s s  ( t a b l e  6) and ranged 
from 81 t o  126 c f d / f t  of hole .  The lower f lows a r e  due t o  c l a y  v e i n s  and a  
sands tone  channe l  which i s o l a t e  l a r g e  b locks  of c o a l  ( 8 ) .  D e g a s i f i c a t i o n  i s  
conf ined  t o  those  l a r g e  b locks  of c o a l  o u t l i n e d  by t h e c l a y  v e i n s  and sand- 
s t o n e  channe l  and s u b s e q u e n t l y  p e n e t r a t e d  by a  d r a i n a g e  ho le .  In  a d d i t i o n ,  
t h e  s e c t i o n  was abandoned f o r  about  2-1/2 y e a r s ,  a l l o w i n g  g a s  t o  b leed  from 
t h e  coa lbed  f r a c t u r e  system t o  t h e  mine opening b e f o r e  t h e  d r i l l i n g  program 
s t a r t e d .  
TABLE 6. - I n i t i a l  g a s  f lows  of h o l e s  1 ,  2, 3,  and 4  
' ~ e ~ t h  a t  which h o l e  i n i t i a l l y  h i t  rock.  
When a  h o l e  i s  shu t - in ,  methane l e a k s  around t h e  21-foot s t e e l  p i p e  and 
e n t e r s  t h e  mine opening th rough  t h e  coalbed.  T e s t s  conducted t o  determined 
methane l eakage  r a t e s  i n t o  t h e  mine opening when a l l  h o l e s  were shu t - in  showed 
t h e  l eakage  r a t e s  were s i g n i f i c a n t .  Holes 1  and 2  a r e  l o c a t e d  i n  t h e  l e f t  
r e t u r n  and h o l e s  3  and 4  i n  t h e  r i g h t  r e t u r n .  Before t h e  h o l e s  were s h u t - i n ,  
combined f low of h o l e s  1  and 2  was 169,000 c f d  (117.2 cfrn), compared w i t h  
80,000 c f d  (56  cfm) f o r  h o l e s  3  and 4. The f low of methane from f a c e  and r i b s  
was 17,700 c f d  (12.3  cfm) i n  t h e  l e f t  r e t u r n  immediately outby h o l e s  1  and 2  
and 18,100 c f d  (12.6 cfm) i n  t h e  r i g h t  r e t u r n  immediately outby h o l e s  3  and 4. 
I n i t i a l  gas  










Twenty-four hours  a f t e r  a l l  h o l e s  were shu t - in ,  methane flows from f a c e  
and r i b s  i n  t h e  l e f t  and r i g h t  r e t u r n s  i n c r e a s e d  t o  145,200 c fd  (100.9 cfm) 
and 91,300 c f d  (63.3 cfrn), r e s p e c t i v e l y .  The combined l eakage  r a t e  i s  
127,500 c f d  (89.3  cfm) f o r  h o l e s  1  and 2  and 73,200 c f d  (51.2 cfm) f o r  h o l e s  
3 and 4. Consequently,  80 p c t  of t h e  t o t a l  f low from a l l  h o l e s  l e a k s  i n t o  
t h e  mine opening when h o l e s  a r e  shut- in .  
D a i l y  methane f lows f o r  each h o l e  a r e  shown i n  f i g u r e  24. I n  each c a s e  
when t h e  h o l e  was reopened a f t e r  be ing  s h u t - i n ,  methane flows had d e c l i n e d  
c o n s i d e r a b l y ,  which s u b s t a n t i a t e s  t h e  l eakage  r a t e  measurements d i s c u s s e d  i n  
t h e  p rev ious  paragraph. Flows a f t e r  about  660 days of d e g a s i f i c a t i o n  a r e  
abou t  one-half i n i t i a l  f low r a t e s .  
Hole l e n g t h ,  






I n i t i a l  g a s  






FIGURE 24. - Dai  ly methane f lows-holes 1, 2, 3, and 4. Dashed port ions of  curves represent 
in terva l  when hole was shut-in; dark symbols indicate water f low. 
3 0 0  







Holes 3 and 4 did not produce water. Daily flow rates for holes 1 and 2 
are shown in figure 24. Waterflow from hole 1 declined to zero flow after 
about 400 days of degasification. Total daily methane and water flow rates 
are shown in figure 25. Cumulative production after 991 days of operation is 
255 MMcf of methane (fig. 26). 
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FIGURE 25. - To ta l  dai  l y  methane and water f low rates. Dashed portions of curves represent 
interval when hole was shut-in; dark symbols indicate water f low. 
TIME, days 
FIGURE 26. - Cumulat ive methane production. Dashed portion of  curve represents interval 
when hole was shut-in. 
Gas U t i l i z a t i o n  
The composi t ion and h e a t i n g  v a l u e  of g a s  i n  c o a l  a r e  ve ry  s i m i l a r  t o  
t h o s e  of n a t u r a l  gas  ( 6 ) ,  a s  shown i n  t a b l e  7. The a n a l y s i s  shows t h e  g a s  
d r a i n e d  from t h i s  p o r t i o n  of t h e  P i t t s b u r g h  coa lbed  i s  i n t e r c h a n g e a b l e  w i t h  
n a t u r a l  g a s  o r  i s  s u i t a b l e  f o r  u t i l i z a t i o n .  
TABLE 7. - Composit ion and h e a t i n g  v a l u e  of coa lbed  g a s  and n a t u r a l  g a s ,  p c t  
P i t t s b u r g h  (Marianna)........ 




N a t u r a l  g a s  (e).............. 
ND Not d e t e c t e d .  
lot h e r  hydrocarbons.  
2 ~ 2 ,  C02, and He. 
E f f e c t i v e  h o r i z o n t a l  d r a i n a g e  technology r e q u i r e s  a n  underground p i p e l i n e  
and a  v e r t i c a l  boreho le  t o  t h e  s u r f a c e  t o  remove t h e  methane from t h e  mine. 
S ince  many h o r i z o n t a l  h o l e s  can be connected t o  t h e  underground p i p e l i n e  and 
v e n t e d  a t  a  s i n g l e  l o c a t i o n  on t h e  s u r f a c e ,  t h e  methane can  be u t i l i z e d  w i t h -  
o u t  a  complex and expens ive  g a t h e r i n g  system. The Bureau of Mines c o o p e r a t e d  
w i t h  Bethlehem Mines Corp. and t h e  Department of Energy on a  d e m o n s t r a t i o n  
p r o j e c t  a t  Marianna Mine 58 f o r  g e n e r a t i n g  e l e c t r i c i t y  from t h e  methane g a s  
b e i n g  c a p t u r e d  from t h e  f o u r  h o r i z o n t a l  d r a i n a g e  h o l e s .  A t u r b i n e  g e n e r a t o r  
h a s  been i n s t a l l e d  a t  a  s u r f a c e  l o c a t i o n  of t h e  Marianna Mine 58 p r o p e r t y .  
Methane from t h e  h o r i z o n t a l  h o l e s  i s  piped t o  t h e  t u r b i n e  g e n e r a t o r ,  which 
c o n v e r t s  i t  t o  e l e c t r i c i t y  f o r  o p e r a t i o n  of a  mine v e n t i l a t i o n  fan .  A t o t a l  
of  20 MMcf of methane h a s  been u t i l i z e d  d u r i n g  t h e  d e m o n s t r a t i o n  p r o j e c t ,  and 
a  t o t a l  of 255 MMcf of methane h a s  been removed from t h e  mine by t h e  f o u r  hor-  
i z o n t a l  d r a i n a g e  ho les .  
SUMMARY 
Four h o r i z o n t a l  d r a i n a g e  h o l e s  were d r i l l e d  rang ing  from 982 t o  2,505 f e e t .  
I n i t i a l  methane f low from t h e  h o l e s  was 580,000 c f d .  The methane i s  piped t o  
t h e  s u r f a c e  through a n  underground 6-inch s t e e l  p i p e l i n e  1 ,159 f e e t  long.  
A l l  h o l e s  a r e  equipped w i t h  pneumatic v a l v e s  which a r e  h e l d  open w i t h  
compressed a i r  ( 5 5  p s i g ) .  Methane s e n s o r s ,  which a r e  l o c a t e d  every  500 f e e t  
a l o n g  t h e  p i p e l i n e ,  c o n t r o l  t h e  pneumatic va lves .  I f  a n  abnormal methane 
c o n c e n t r a t i o n  ( 1  p e t )  i s  d e t e c t e d ,  t h e  s e n s o r  sends  a  s i g n a l  t o  t h e  c o n t r o l  
p a n e l ,  and t h e  compressed-air  l i n e  t o  t h e  pneumatic v a l v e s  i s  ven ted ,  c l o s i n g  
t h e  h o l e s .  
Clay v e i n s  and a  sands tone  channe l  were l o c a t e d  d u r i n g  t h e  d r i l l i n g  phase.  
The sands tone  channe l  e x t e n d s  over  420 f e e t  a l o n g  t h e  p r o j e c t e d  coa lbed  h o r i z o n  
( i n  h o l e  1) .  Methane f lows from t h e  h o r i z o n t a l  h o l e s  were much l e s s  t h a n  
f lows  observed i n  o t h e r  a r e a s  of  t h e  P i t t s b u r g h  coalbed.  The c l a y  v e i n s  and 
s a n d s t o n e  channe l  i s o l a t e  l a r g e  b locks  of c o a l ,  which l i m i t s  d r a i n a g e  t o  t h e  
i s o l a t e d  b locks  of c o a l  p e n e t r a t e d  by t h e  h o r i z o n t a l  h o l e s .  
Because of t h e  s o f t  n a t u r e  of t h e  P i t t s b u r g h  coa lbed  a t  Marianna Mine 58, 
a l l  h o l e s  e x c e p t  h o l e  1  were d r i l l e d  w i t h  a  modi f i ed  d r i l l i n g  assembly which 
c o n s i s t e d  of a  3-518-inch b i t ,  c e n t r a l i z e r ,  and 18-foot d r i l l  c o l l a r .  Removal 
of t h e  r e a r  c e n t r a l i z e r  cocked t h e  assembly 0.1' upward i n  t h e  ho le .  
CONCLUSIONS 
D e g a s i f i c a t i o n  of t h e  P i t t s b u r g h  coa lbed  h a s  been s u c c e s s f u l l y  demon- 
s t r a t e d  a t  Marianna Mine 58. H o r i z o n t a l  d r a i n a g e  h o l e s  d r i l l e d  i n t o  v i r g i n  
c o a l  i n  advance of mining have c a p t u r e d  a  s i g n i f i c a n t  amount of methane b e f o r e  
i t  c o u l d  e n t e r  t h e  mine ' s  v e n t i l a t i o n  system. The i n i t i a l  combined gas  f low 
of  580,000 c f d  of methane dec reased  t o  234,000 c f d  a f t e r  991 days ,  w i t h  a  
t o t a l  g a s  p r o d u c t i o n  of 255 MMcf. 
H o r i z o n t a l  h o l e s  a r e  a n  e f f e c t i v e  method f o r  i d e n t i f y i n g  and l o c a t i n g  
d i s c o n t i n u i t i e s  i n  a  coa lbed  i n  advance of mining.  A t  Marianna Mine 58 c l a y  
v e i n s  and a  s a n d s t o n e  channe l  have been l o c a t e d  and p e n e t r a t e d  by h o r i z o n t a l  
d r i l l i n g  i n  v i r g i n  a r e a s .  Gas f lows from h o r i z o n t a l  h o l e s  a r e  s i g n i f i c a n t l y  
reduced  i n  a r e a s  of coa lbeds  i n  which d i s c o n t i n u i t i e s  a r e  p r e s e n t .  
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